Stability tests are essential to assuring herbal derivative quality, especially because of the complexity of the herbal matrix. To monitor the stability of Sambucus nigra L. flower tincture, a practical liquid chromatography (LC)-UV method was developed and validated. Rutin, the flower's pharmacopeial marker, in addition to other markers, isoquercitrin and quercetin, were quantified. The last two represent the degradation products of glycosylated flavonoids. In addition, other chromatographic peaks exhibiting typical flavonoid UV absorption profiles (total flavonoids) were also quantified and expressed in rutin equivalents. The method was developed with a reverse phase C 18 column, using a gradient mobile phase at 0.7 mL min -1 at 30°C. The herbal drug and tincture obtained by percolation at 60 °C with ethanol 25% (v/v) were submitted to accelerated (40°C/75% RH, 2 months) and long duration (15-30°C, 6 months) studies. The LC-UV method was linear in the ranges of 1-200 µg mL -1 (rutin) and 1-100 µg mL -1 (isoquercitrin and quercetin), without interference of herbal matrix, and was precise (RSD ≤ 2.0% for intra and interday precision), selective, and robust (changes in mobile phase flow, pH and temperature). The tincture revealed the presence of quercetin, which was absent in the herbal drug, likely due to the hydrolysis process. After 2 months under accelerated study, the total flavonoids in the tincture decreased by approximately 20%, and after 6 months at room temperature, they decreased by approximately 30%. These results indicate the thermolability of the S. nigra tincture and the importance of monitoring phytomedicine stability.
Stability testing of herbal preparations and herbal medicinal products (HMPs) has recently been recognized as essential for quality control to support the shelf lives of these products, and stability testing guidelines have been made official in many countries [1, 2] . However, because of the complexity and different analytical behaviors of the components, their low concentrations, and a lack of information on each marker's contribution to the biological effect, studying the stability of herbal preparations and HMPs remains difficult. Regarding herbal matrices, some authors argue that "degradation" does not necessarily mean a loss of activity when considering glycosylated flavonoids and their aglycones [3] . Nevertheless, stability studies of herbal derivatives are important for assuring quality during their shelf life. Likewise, accelerated studies are not required if the HMP will not be stored at high temperatures [3] . Considering the climatic zone IV in Brazil and other countries, this condition could be compatible with storage during their shelf life.
The tea of Sambucus nigra L. flowers, known as European elder or black elder, is traditionally used to treat initial symptoms of the common cold [4] . Its reported biological activities include antioxidant [5] and anti-inflammatory actions [6, 7] . These activities are related to the presence of active flavonoids, such as quercetin and the quercetin glycosides, rutin and isoquercitrin [8] . The flowers contain flavonoids (> 3%), particularly glycosylated flavonoids, such as rutin, isoquercitrin, astragalin, hyperoside, nicotiflorin, isorhamnetin glycosides and the aglycones, kaempferol and quercetin in lower amounts [4] .
The European Medicine Agency (EMA) recommends three herbal preparations for therapeutic use for dried S. nigra flowers: tea obtained from 2 to 5 g of dried flowers and 3 to 5 L of fluid extract 1:1 and 10 to 25 mL of the 1:5 tincture, administered 3 times daily [9] . The 8 th edition of the European Pharmacopoeia [10] established a minimum of 0.8% flavonoids expressed as isoquercitrin (by spectrophotometry) for the herbal drug, while the Brazilian Pharmacopeia [11] established at least 1.5% flavonoids expressed as quercetin (by spectrophotometry) and at least 1% rutin (by highperformance liquid chromatography [HPLC] ).
Based on the Brazilian Pharmacopeia monograph [11] , we adapted the HPLC method by modifying the mobile phase gradient and the sample dilution and also including the markers isoquercitrin and quercetin and total flavonoids besides rutin. All chromatographic peaks exhibited typical flavonoid UV absorption profiles, and so peaks 3 (rutin), 4 (isoquercitrin), 5 (unknown) and 7 (quercetin) ( Figure 1 ) were expressed as rutin to monitor the stability of the S. nigra tincture. The herbal drug solution contained only rutin and isoquercitrin, whereas quercetin was also detected in the tincture, likely due to hydrolysis promoted by heating during the percolation extraction at 60°C. Prosen and Pendry [2] reported that quercetin was present in high concentrations in the commercial tincture, suggesting degradation of its glycosides, rutin and isoquercitrin.
The Brazilian Pharmacopoeia [11] , based on Scoppel et al. [12] , established preparing the sample solution from S. nigra flowers at a ratio of 1:20 (herbal drug: solvent). This work tested the ratios 1:5, 1:10 and 1:20, and yielded a content of 1.1% rutin in all proportions. However, the relative standard deviations (RSD%) were 2.2, 3.9 and 4.8%, respectively. Thus, the first dilution that presented a concentration of 100 μg mL for the validation methodology, as target concentrations. The tincture was also diluted 1:5 (tincture: solvent) to obtain approximately the same target concentration of rutin in the herbal drug sample solution.
This methodology was validated, and the analytical parameters are shown in Table 1 . All analytical parameters agreed with official guidelines [13] , demonstrating the method's linearity within the sample's concentration ranges for the three markers, with acceptable precision, selectivity and accuracy.
The matrix effect was also analyzed, and the angular coefficients of both curves, with or without adding the herbal matrix, were similar (data not shown). The assays of the three markers showed that the methodology was robust (RSD < 3.0%) to small changes in the mobile phase flow (0.63; 0.7 and 0.77 mL/min), temperature (27, 30 and 33°C) and pH (0.11, 0.125 and 0.14% of formic acid), except for isoquercitrin and quercetin, which were sensitive to pH, and quercetin, which was sensitive to temperature changes. Thus, these parameters must be controlled during routine methodological applications. All analytical solutions were stable without significant changes when stored at room temperature (18 h) and when refrigerated (24 h), as shown by the low RSD% values ( Table 1 ).
The tincture presented approximately 0.8 mg of rutin per g of tincture, 18.8 mg g -1 of the dried tincture residue, 0.3 mg of isoquercitrin per g of tincture (7.2. mg g -1 of dried residue) and 0.5 mg of quercetin per g of tincture (12 mg g -1 of dried residue).
Peaks 3, 4 and 7 were attributed to rutin, isoquercitrin and quercetin, respectively (Figure 1 ). These and peak 5 showed UV absorption profiles characteristic of flavonoids, while peaks 1, 2, 6 and 8 presented phenolic profiles (data not shown). Scopel et al. [12] reported the presence of chlorogenic acid and caffeoylquinic acids in S. nigra flowers. Comparing these results with those in the literature and with the UV absorption profiles of the peaks in Figure  1 (data not shown) suggests that peak 1 likely corresponds to chlorogenic acid and peaks 2, 6 and 8 to caffeoylquinic acids.
The methodology was applied to accelerated and long-duration stability studies, for 2 months and 6 months, respectively. The results are shown considering the total flavonoids presented in the herbal drug (peaks: 3-rutin, 4-isoquercitrin and 5-unknown) and the tincture (peaks: 3-rutin, 4-unknown, 5-isoquercitrin and 7-quercetin ( Figure 2 ).
The herbal drug maintained a similar appearance, loss upon drying, and chromatographic profile throughout the study. However, the total flavonoids, expressed as rutin, decreased > 10% under the accelerated conditions (Figure 2A ), but decreased by < 10% at room temperature ( Figure 2B ). These results suggest that a more protective packaging should be used, considering that the product must remain viable for at least 1 year.
The tincture also remained similar in appearance, pH, weight loss and chromatographic profile throughout all studies under both conditions. However, the tincture lost > 10% of its total flavonoids under both storage conditions, with greater decreases in the markers under accelerated conditions, as expected. Even at room temperature, the markers in the tincture decreased by > 30% within 6 months. Thus, even if the glycosidic flavonoids were converted to their aglycones, they all suffered temporal decreases, which could compromise the herbal preparation's biological effect when stored at room temperature. The three markers also decreased individually in these studies (data not shown).
Prosen and Pendry [2] analyzed the stability of S. nigra flower tincture and reported decreases in rutin (40-50% after 3 months at 40°C and room temperature) and quercetin (30% and 80% at room temperature and 40°C, respectively, after 6 months), but found an increase in isoquercitrin (+128% at room temperature and +33.2% at 40°C). These authors discussed that rutin easily hydrolyzes to both isoquercitrin and quercetin. However, in our work the isoquercitrin also decreased. As the totality of the flavonoid peaks decreased over 6 months, this dosage form is unstable for commercialization. Further studies on the biological activity of this degraded formulation should clarify whether any of its therapeutic effect is lost.
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Experimental
General: LC-UV system, Shimadzu Proeminence LC-20AT LC (Shimadzu, Tokyo, Japan), binary pump and a Shimadzu SPD-M20A photo diode array detector, SIL-20AHT autosampler, DGU-20A5 in-line degasser, CTO-10AS VP column oven and software Class VP (version 6.14).
Plant material: Dried S. nigra flowers were purchased from Quimper, São Paulo, Brazil (batch 25/10), who imported the herbal drug from Germany. The plant was collected in Germany in June 2015 and stabilized by oven drying. The sample was analyzed using the Brazilian Pharmacopeia monograph (macro and microscopic analysis, foreign material, loss on drying, total ash, identification by TLC, total flavonoids expressed as quercetin by spectrophotometry and total flavonoids expressed as rutin, by HPLC). The herbal drug was identified as S. nigra, with all quality parameters within the pharmacopeic limits being approved for this work.
Tincture:
The herbal drug (sieved on a 2 mm screen) was previously macerated for 16 h with 25%, v/v, ethanol (12% herbal drug). Subsequently, the moistened drug was transferred to a stainless-steel percolator at 60°C and percolated for 3 h. After this, a new solvent was added (20% herbal drug), and the drug was repercolated for another 3 h, mixing both percolates to obtain the tincture. The density and dried residue were determined in triplicate [11] .
Sample and standard solutions: For the herbal drug the dilutions 1:5, 1:10 and 1:20, v/v, were tested using 1:1, v/v, acetonitrile: water as the solvent in volumetric flasks of 5 mL. The tinctures were diluted 1:5, v/v, with the same solvent. All solutions were filtered through a 0.45-μm PTFE-modified filter membrane prior to being injected into the HPLC. Standards were dissolved in methanol.
Analytical validation:
To assess linearity, stock standard solutions at 1000 µg/mL were diluted with methanol in the range of either 1-200 µg/mL (rutin) or 1-100 µg/mL (isoquercitrin and quercetin) in 5 mL volumetric flasks. The rutin curve was repeated with and without adding tincture solution (500 µL in volumetric flasks of 5 mL). The analytical curves were constructed in triplicate, and regression analysis was performed using Excel. To determine precision, the sample solutions were prepared and analyzed 6 times in independent experiments (intraday or repeatability) and for another analysis on another day (interday or intermediate precision). The RSD% of the intra and interday experiments was analyzed. For accuracy, the analyte recovery was determined after spiking the sample solution with rutin in 6 levels in triplicate. For robustness, the standard analytical conditions were changed (flow, temperature and formic acid were added to the mobile phase in three levels) and the marker assay was determined. For stability, the analytical solutions were stored at room temperature and under refrigeration for 18 and 24 h, respectively, and the markers were determined 3 times during these periods. Each assayed marker's RSD% was determined.
Stability studies:
The herbal drug and tincture samples were stored at accelerated (40°C ± 2°C/75% RH ± 5% RH) and long durations (15 to 30°C). The herbal drug was stored in sealed plastic bags and aluminum sachets, and the tincture was stored in amber glass. After exposure to the storage conditions for 30, 60, 90 and 180 days, the appearance, weight loss, pH, marker content by HPLC and chromatographic profiles were evaluated.
